Abstract: Importance of mobile data services is increasing but factual information on their usage is limited. This paper analyses the usage of mobile data services in Finland. The use of multiple data sources gives complementary viewpoints to the evolution and usage of the services and the underlying technical components: networks, devices, applications and content. The analysis is descriptive by nature and presents detailed information about the past market evolution, current market situation and trends. The results indicate that the technical components enabling mobile data service usage are spreading. On the basis of the study, a number of mobile data market metrics are suggested.
Introduction
Since the 1990s, two major trends have shaped the Information and Communication Technology industry (ICT) and markets worldwide. First, the emergence of mobile communications has brought telephony to people and places not reached by fixed-line telephones, allowing people to communicate irrespective of time and place. Second, internet has repeatedly changed the ways in which people and businesses find, use and share information.
Despite the rapid diffusion of both mobile phones and the internet, the convergence of the two and resulting growth in mobile data usage has been modest throughout the 1990s and early 2000s. Mobile operators earn a majority of their revenues from traditional voice calls and Short Message Service (SMS) services, while data revenues have been growing slowly. The focus of internet companies, media houses and e-business has been on the fixed PC-centric internet, whereas mobile commerce (e.g., Balasubramanian et al., 2002) has not yet achieved a prominent role in the strategies and operations of companies. Consequently, reliable and coherent information and statistics about mobile data service usage are not typically available from public reports or official statistics.
In academic literature, theories and models developed e.g., by Rogers (2003) , Bass (1969) and Fisher and Pry (1971) have been widely applied to describe the diffusion of various technologies and products through society, typically characterised by an S-shaped curve of cumulative adoptions. Applications of diffusion models to mobile services have concentrated on the diffusion of mobile telephony (e.g., Krishnan et al., 2000; Botelho, 2004; Michalakelis et al., 2008) , whereas diffusion studies of mobile data services are rare. Within the information systems literature, Theory of Reasoned Action (TRA) of Fishbein and Ajzen (1975) , Technology Acceptance Model (TAM) of Davis (1989) , Theory of Planned Behaviour (TPB) (Ajzen 1991) and the Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh et al., 2003) have been used to predict and explain the acceptance and adoption of new technologies. Mobile service-specific studies applying these theories have been conducted by, e.g., Pagani (2004) , Pedersen (2005) , Nysveen et al. (2005) and Bouwman et al. (2008) . The existing studies are typically based on survey or interview-based data and utilise either the expected use of services or self-reported usage behaviour, instead of factual service usage data. Furthermore, the studies are typically limited to a subset of mobile devices (e.g., only mobile phones or personal digital assistants), mobile networks (e.g., only 3G or Wireless Local Area Networks, WLANs), or specific mobile services.
As the usage and importance of mobile data services increases, a better understanding of the market evolution is required. Studies utilising multiple viewpoints and factual usage data from key national markets are needed to reach a holistic view on the status, evolution and trends of the emerging mobile data services market.
The purpose of this paper is to analyse the usage of mobile data services through a country study of Finland, applying a framework developed by Smura et al. (2009) . Based on this analysis, a number of mobile data market metrics enabling country comparisons are suggested. The country study is conducted utilising multiple complementary sources of data and focusing on the evolution and usage of four technical components of mobile service systems identified in the framework: networks, devices, applications and content. The analysis is descriptive by nature and presents detailed information about the past market evolution, current market situation and trends.
Finland is well suited for studies concerning mobile data services for multiple reasons. As the home country of the world's largest mobile manufacturer Nokia, Finland was the first country in the world to open Global System for Mobile communications (GSM)-based mobile networks in 1991, and since then led the global mobile service penetration statistics throughout the 1990s. Finland was also among the first countries in the world in liberalising the telecommunications sector in the late 1980s and early 1990s, and the regulator has been actively steering the Finnish telecommunication markets toward open competition and innovation. During the time period of this study, [2005] [2006] [2007] [2008] , the usage of mobile data services has also increased significantly in Finland.
This paper is structured as follows. First, a review of the history of mobile communications in Finland is presented, and the context and basis for understanding the characteristics and current trends of the analysed market are provided. Second, the research framework used in this study is presented and explained. Following the structure provided by this framework, the collected data are then described and the results of the analysis are presented. Finally, the paper concludes with a discussion.
Mobile communications in Finland from 1970 to 2008
Mobile communications in Finland date back to 1970 when the ARP (Autoradiopuhelin, 'car radio telephone') service was launched. ARP covered the whole country by 1978 and was the only mobile network in Finland until 1982, when the NMT 450 (Nordisk Mobiltelefon) network was launched. To accommodate the growing number of mobile subscribers and phone calls, the NMT 900 network was opened in the Helsinki capital area in 1987. The number of mobile users of these 'first-generation' analogue systems among the five million Finns grew constantly, reaching 250 thousand in 1990 and peaking at 650 thousand in 1995 (Statistics Finland, 2009) .
Historically, and in contrast to most other countries, fixed-line telephony services had been offered in Finland not only by the government-owned PTL (Posti-ja telelaitos, later Telecom Finland, Sonera, TeliaSonera) but also by a vast number of local telephone companies having local monopolies in different parts of the country. However, in mobile telephony, the PTL initially had a monopoly and the only nationwide license to offer ARP and NMT services. The competitive situation changed in 1990 when Radiolinja, a company owned commonly by the local telephone companies, was given a license to operate second-generation, digital GSM (Groupe Spécial Mobile, later Global System for Mobile communications) networks, in addition to PTL. Consequently, Finland became the first country in the world to open GSM networks to public in 1991, and during the following decade, nationwide GSM coverage was built. The technology turned out to be a major success and the number of subscriptions increased rapidly, reaching 2.5 million (0.5 subscriptions per capita) in 1998. In 1998, Helsingin Puhelinyhdistys (Helsinki Telephone Company), the largest of the local telephone companies, acquired the majority share of Radiolinja, leaving the other local telephone companies outside mobile business.
Increasing capacity demands especially in urban areas resulted in three new nationwide GSM 1800 (a.k.a. DCS, Digital Communication System) licenses being granted in 1996 to PTL, Radiolinja and Telivo, which was later acquired by the Swedish incumbent Telia. Furthermore, a number of local (e.g., citywide) GSM 1800 licenses were granted for the local telephone companies for offering so-called 'cityphone' services.
In 2001, the local telephone companies entered the national mobile markets again. After receiving the third nationwide GSM 900 license, a new national mobile operator DNA Finland Oy (DNA) launched its services. DNA started its operations aggressively, continuously increasing its subscriber base. In 2003, after the merger of the Swedish and Finnish government-owned incumbents Telia and Sonera, DNA was able to acquire the networks and subscribers of Telia's Finnish branch, leaving three major operators to the market.
After DNA's successful market entry, the Finnish mobile market gradually evolved towards an era of fierce price competition. The price competition, while mainly concentrating on basic mobile voice and messaging (SMS) services, manifested itself in extraordinarily high subscriber churn figures and had a negative impact on mobile operator Average Revenue Per User (ARPUs). This price competition was significantly accelerated by the introduction of zero cost (for end-user) Mobile Number Portability (MNP) regulation in July 2003, which lowered the switching costs of mobile subscribers. MNP also acted as a catalyst for the emergence of new Mobile Virtual Network Operators (MVNOs) having no network infrastructure of their own. The most successful MVNO was Saunalahti, which was able to increase its subscriber base from 50 thousand in July 2003 to 500 thousand (i.e., 10% market share) in July 2005. Thereafter, Saunalahti was acquired by the second largest operator Elisa (former Radiolinja). The evolution of operator's subscriber bases as well as average churn and ARPU figures before and after the era of price competition are shown in Figure 1 .
The price competition between mobile operators was beneficial for the end-users and increased the attractiveness of mobile telephony over fixed-line telephony. In 2008, already more than 82% of all voice call minutes and more than 85% of all voice calls in Finland were mobile-originated (Statistics Finland, 2009) . After Elisa's acquisition of Saunalahti, a gradual move away from price competition began in the Finnish mobile market. Although Finland had been the first country in the world to grant 3G licenses in 1999, it had been lagging behind the leading countries in the usage of 3G handsets and services, partly due to the heavy price competition. Furthermore, prior to 2006, Finland was one of the only countries worldwide where the bundling of mobile handsets and subscriptions was not allowed, which was claimed to slow down the adoption of advanced handsets and services by the industry (see Tallberg et al., 2007) . In April 2006, however, the Finnish regulator allowed the bundling of mobile subscriptions and 3G handsets aiming to accelerate the adoption of 3G services and build-up of 3G networks. The new law led to a noticeable move toward more advanced handsets and services in mobile operator marketing, and also to vertical market integration as the largest operators increased their control over the distribution of subscriptions and handsets by acquiring some of their resellers. The churn also stabilised at a significantly lower level, as shown in Figure 1 . increasing the data transmission speeds further. Network upgrades were accompanied by bundled offers of 3G/HSDPA data cards and subscriptions with flat rate data pricing schemes, offering mobile broadband access to laptop users. A few new data services for mobile handsets were also launched at the same time, including TV streaming to mobile handsets and operator portal-based music stores.
In summary, the Finnish mobile market has experienced many changes in the past decades, in the form of new networks complementing and replacing older ones, companies entering and exiting the markets, as well as new regulations shaping the industry structure and competitive landscape. Since 2006, the focus has started to shift more clearly towards mobile data services.
Research framework
Mobile services are no longer only about connecting mobile phones via mobile networks to mobile-specific content. Therefore, this paper has a broad scope that encompasses a wide variety of mobile devices, applications, networks and content, instead of restraining the analysis to narrowly defined specific types of mobile services. In this paper, mobile (service, device, application, network or content) is defined generally as something the use of which is not contingent on being at a fixed physical location at a particular point in time (see also e.g., Balasubramanian et al., 2002) . Such holistic scope is necessary and justified to cover the convergence taking place between technologies and businesses in the information technology, telecommunications and media industries. Smura et al. (2009) have constructed a framework for analysing the usage of mobile services. This framework, shown in Figure 2 , is suggested to be used for designing mobile service usage research as well as communicating, positioning and comparing research results. The framework links available measurement points and sources of usage data to four technical components of mobile services: devices, applications, networks and content. Classifications for each of the technical components have also been suggested.
Figure 2 A framework for analysing the usage of mobile services
Source: Smura et al. (2009) In the framework, the links between measurement points and technical service components are essential. Each measurement point can provide certain data on each of the components, differing in terms of data coverage and granularity. For example, data collected directly from end-users have typically good coverage across the service components, whereas usage monitoring systems provide more fine-grained and granular data about the applications and content used with the specific set of monitored devices (Smura et al., 2009 ).
The framework well suits the broad research scope of this paper. In this paper, the framework aids in the designing of the study and is used to identify the most important viewpoints and data sources that help to understand the complex phenomenon of mobile data service usage. The framework is also used to organise the results and findings of the study.
Data
Mobile service usage measurements were conducted annually in [2005] [2006] [2007] [2008] in Finland. The measurements were carried out in close collaboration with the key market participants of the Finnish mobile industry including all three mobile network operators and the handset vendor Nokia. Primary research data were collected by multiple complementary sources:
• mobile operator usage accounting systems
• mobile network IP traffic measurements
• mobile handset monitoring.
In addition, secondary research data collected from a number of sources were utilised to support the analysis of mobile data service usage.
The scope of three primary research data sets is illustrated in Figure 3 with the help of the research framework described in Section 3. Specifically, the scopes of the data sets obtained from mobile operator usage accounting systems, mobile network IP traffic measurements and mobile handset monitoring are depicted in Figures 3(a) , (b) and (c), respectively. The white areas in the figure indicate those classes of devices, applications, networks and content that are fully within the scope of the data source. The areas with grey streaks correspond to classes that are only partly covered by the data source, whereas the fully grey areas signify that no data on these classes were obtained. 
Mobile operator usage accounting systems
Research data on mobile devices and active users were collected from the usage accounting systems of the three major Finnish GSM/UMTS operators: TeliaSonera, Elisa and DNA. The data were collected yearly covering a 2-week period at the end of September, corresponding to the market situation prevalent at the end of the third quarter. Information about mobile devices in use were collected in 2005-2008 and information about active users were collected in [2005] [2006] [2007] . Depending on the year, the data set included about 4-6 million devices and subscriptions corresponding to a combined 80-99% market share of the contributing operators. The data collections were based on the charging functionalities of the studied mobile networks. A GSM/UMTS network creates special Charging Data Records (CDR) on all chargeable network events generated by mobile subscribers. Each CDR contains time-stamped information on subscriber identity (the International Mobile Subscriber Identity, IMSI code) and the used terminal device (the International Mobile Equipment Identity, IMEI code). Research data were extracted from the CDR data by counting the number of unique terminal devices (i.e., unique IMEI codes) per terminal model that had used voice calling, text messaging (SMS) or packet-switched data transmission services during the research period. Mobile handsets were identified from other types of terminals based on manufacturer and model information. Furthermore, information on the feature set of specific mobile handset models was obtained from handset manufacturers' online databases. Thus, the penetrations of each handset feature could be computed.
These data were used in analysing the diffusion of handset features (Section 5.2) and the amount of active data users (Section 5.3) in the market. The underlying operating systems (e.g., Symbian, Windows, Linux, PocketPC) of the end-user devices generating the traffic were identified using a method called Transmission Control Protocol (TCP) fingerprinting (Smith and Grundl, 2002) . In TCP fingerprinting, different operating systems are recognised by identifying idiosyncrasies in the implementation of their respective TCP/IP stacks. Different application protocols were identified from the traffic traces using transport protocol port numbers. These protocols were then grouped into three protocol categories: Web (HTTP and HTTPS), e-mail (SMTP, POP3 and IMAP), and others. Furthermore, domain name system lookups were also captured to determine the most popular Web servers and content accessed by mobile handset users.
Mobile network IP traffic measurements
These data were used in analysing the share of computer-generated traffic in mobile networks (Section 5.1), the breakdown of mobile data traffic between different application categories (Section 5.3) and the most popular mobile websites (Section 5.4).
Mobile handset monitoring
Mobile handset monitoring panels were organised for a period of two months in the fall of [2005] [2006] [2007] . A client application installed in each monitored Symbian S60 handset created log files on the usage of the handset features and applications and sent the log files daily to a centralised server. Individual usage events were observed and aggregated to obtain metrics on the usage frequencies, durations, and volumes of different handset applications. Moreover, data on the use of handset radio interfaces (e.g., GSM, WCDMA, WLAN), as well as offline features (e.g., camera, multi-media player, games), were obtained. Furthermore, the cell identity codes of visited mobile network cells were obtained, making it possible to link user location (i.e., home, office or elsewhere) to usage data.
Potential participants were randomly sampled from the subscriber bases of three Finnish mobile operators. SMS recruitment messages were sent to 20 thousand consumer subscribers using Symbian S60 devices, yielding about 500-700 active participants for each panel. Each year, the panellists were mainly young to middle-aged men, although other demographics were also represented. As the penetration of S60 handsets in Finland has been rather low during the panels (5% in 2005, 10% in 2006 and 18% in 2007) , the data likely represents early adopters of advanced mobile services instead of mainstream end-users. As the size and composition of the different panels varied notably, only the most recent data from year 2007 were used in this study. The data collection process used is described in detail in Verkasalo and Hämmäinen (2007) and the details of the panellist recruitment process are provided by Kivi (2006) .
These data were used in analysing the use of WLAN networks with smartphones (Section 5.1), the most actively used smartphone applications (Section 5.3) and the most popular mobile websites (Section 5.4).
Secondary research data

Secondary research data on
• handset retail sales Data on 3G mobile network coverage in Finland were collected from the Finnish operators' public press releases. Information from dozens of individual press releases from the three operators were combined to obtain a time-series of 3G coverage, similarly to the data on operators' subscriber bases, churn and ARPU as was depicted in Figure 1 .
Data on data traffic volumes in Finnish mobile networks were composed from the quarterly market reviews of the Finnish Communications Regulatory Authority (FICORA).
These data were used in analysing the expansion of the 3G network coverage (Section 5.1), the growth of mobile data traffic volume (Section 5.1), and the effects of handset bundling on the diffusion of handset features (Section 5.2).
Results
Networks
Mobile networks have been traditionally dimensioned and planned based on the coverage and capacity requirements of mobile voice call traffic. In order to support the emerging mobile data services, the Finnish operators have made substantial investments into 3G networks in the past few years. The coverage of 3G networks has constantly evolved, as illustrated in Figure 4 , showing both the number of localities as well as the percentage of Finnish population living within 3G network coverage. In the end of 2008, around 80% of the Finnish population lived within 3G coverage areas. Investments into 3G have increased the data capacity in mobile networks, which is also visible in the amount of data consumed by the users. During 2008, the volume of packet-switched data transferred in Finnish mobile operators' networks was around 4200 terabytes, corresponding to 2.28 megabytes per day per capita, and an eightfold increase to the previous year ( Figure 5) . A major change in the pace of traffic volume growth took place in the fall of 2007, as operators started to aggressively market their mobile broadband subscriptions bundled with HSDPA-capable USB dongles for laptops. The share of computer-generated traffic in mobile networks was considerable already before the recent mobile broadband boom. In September 2006, computers accounted for 71% of the total traffic, and in September 2008, the share was already 98.5%. As most of these computers are laptop PCs, laptop users are currently dominating the usage of mobile data services traffic-wise (Source: Mobile network IP traffic measurements).
In addition to the growing usage of mobile networks by laptop PCs, a somewhat reverse trend can be foreseen in the usage of mobile handsets, namely their usage via WLAN networks. Currently, only some of the high-end handsets support WLAN, but the penetration is gradually increasing (see Section 5.2). The mobile handset monitoring data provides further understanding on this specific type of usage, and for this purpose, the mobile data usage amounts for a subset of 253 panellists, each participating in the 2007 panel and having a third edition Nokia S60 device, were analysed. Out of the panellists, 131 (52%) owned a WLAN-capable device. However, only 73 (56%) out of these 131 panellists actually used the WLAN capability of their device during the panel, pointing out a clear difference between feature penetration and actual usage of the feature. Usage of WLAN did not have an adverse effect on the usage of mobile data. On the contrary, WLAN usage correlated clearly with data usage in general and was minor compared to the usage of mobile networks, as illustrated in Figure 6 . Among the panellists, WLAN usage was also found to be concentrated to few access points. For each user, on average 86% of WLAN connections were made to the same single access point, 11% to a second one and only 3% to other access points. Evidently, the most widely used access point was almost always a private one, located at home.
Devices
In addition to sufficient coverage and capacity in mobile data networks, suitable mobile devices are required before mobile data services can be adopted and used. The mobile handsets of Finnish consumers and professionals have been constantly improving throughout the research period. For instance, in September 2005, the penetration of 3G-capable handsets was less than 1%, whereas in September 2008, it had already reached 25%. The penetration of other data service related handset features has also evolved, as illustrated in Figure 7 . Almost 80% of the Finnish mobile subscribers already have the required capabilities for at least simple data services, e.g., Wireless Application Protocol (WAP) browsing via GPRS connections. However, it will still take some time before handsets supporting higher data rates (3G or HSDPA) or standard HTML browsers are widely penetrated to the market. Regulatory means have also been used to speed up the diffusion of handset features. As discussed in Section 2, in April 2006, the Finnish regulator allowed the bundling of 3G handsets with mobile subscriptions, in order to accelerate the diffusion of the advanced handsets and the build-up of 3G networks. The effect of this decision is illustrated in Figure 8 , which depicts the share of 3G handsets sold with and without a bundling contract out of total handset unit sales in [2005] [2006] [2007] . The handset bundling regulation had a clearly positive effect on 3G handset diffusion in the market. In the pre-bundling era, the popularity of 3G-capable handsets was rather low. As bundling became allowed in April 2006, the share of 3G-capable handsets jumped from less than 5% up to about 25-30% of handset unit sales, where it remained relatively stable until the end of 2007. First, the majority of sold 3G handsets were bundled with subscriptions, but the share of non-bundled 3G handsets has increased constantly. In addition to 3G, bundling has also had a positive effect on the diffusion of many other handset features. This is because the 3G feature is typically included in relatively capable high-end and mid-range handsets that also contain other features such as high-resolution cameras and colour displays.
In addition to mobile phones, the number of laptops utilising mobile networks for internet access has increased significantly since late 2007 as HSDPA-capable USB dongles for laptops have been introduced to the market, often heavily subsidised by operators when bundled together with flat rate mobile broadband subscriptions. In December 2008, the number of mobile broadband subscriptions (including both laptop and handset users) had already grown to over 486 thousand (Ficora 2009 ). 
Applications
Mobile data capabilities in the networks and devices do not directly lead to mobile data service usage. More information about the actual market status can be acquired by examining the actual usage levels of the various applications enabled by the devices and networks. Overall, the percentage of active mobile data users (defined here as mobile handsets that generated mobile data traffic during one measurement week) out of all mobile handset users increased from 11.6% in 2006 to 18.0% in 2007 (Source: Mobile operator usage accounting systems). This is significantly less than the penetrations of data-capable handsets (e.g., GPRS 66% in 2006, 73% in 2007) , meaning that over 50% of the Finnish mobile handset users are not using mobile data even though they have the capability in their handset. This implies also that, although the regulator has managed to increase the penetration of data-capable handsets, this has not resulted in comparable growth in the usage of mobile data services.
The applications generating mobile data can be identified from the mobile network traffic measurements, enabling also comparisons between the profiles of laptop PC and mobile phone-generated traffic. Figure 9 illustrates these differences.
In the computer-generated traffic profile, the share of Web and e-mail traffic has constantly decreased during the measurement years. The growth of the 'others' category is presumably at least partly explained by the growth of peer-to-peer traffic (see also Heikkinen et al., 2009) . Traffic generated by Symbian mobile phones has a different profile as the share of Web and e-mail traffic is considerably higher compared to PCs. Moreover, in Symbian traffic, the volume of identified peer-to-peer traffic has been insignificant. The usage of individual smartphone applications was also identified. Although these findings cannot be generalised to the whole market, they nevertheless give early indications of the possible future market developments. In the 2007 panel, the usage of various applications by the panellists is shown in Figure 10 . Source: Mobile handset monitoring Figure 10 indicates that Web browser was the most popular data application among Finnish smartphone-equipped consumers, as 19% of the panellists browsed regularly and 62% at least once during the panel. Internet multimedia applications (e.g., internet radio or video streaming) and e-mail were less commonly used with only around 20% of panellists using them. Video calls, mobile instant messaging and podcasting were used by very few people. Browsing accounted for 63% of the cumulative packet data traffic, whereas the share of multi-media applications was 25%.
Content
Analysing the content accessed and consumed with browsers and other applications gives further information about the actual usage behaviour of mobile end-users. Utilising data from the mobile network IP traffic measurements, lists of the 15 most popular websites accessed by Finnish smartphone (i.e., Symbian) users in 2007 and 2008 are shown in Table 1 . In 2007, the top 15 domains accounted for about a third of the total browsing traffic, whereas the rest of the traffic was distributed over a large number of other websites.
In 2008, the traffic was clearly more fragmented, and the top 15 domains accounted for less than 20% of the traffic. Considering all websites, traditional Finnish media companies attracted the most usage, followed by social media sites, and adult content. Overall, the share of Finnish websites was notably high, implying to the importance of local content in mobile browsing. The network traffic measurements covered around 90% of all mobile data traffic in the measured networks, but omitted traffic that was directed to the WAP portals of operators. A complementary view, including all operators' Access Point Name (typically internet, WAP and MMS) was achieved by analysing the domains accessed by the smartphone users of the mobile handset monitoring panels. In the 2007 panel, 10% of all domain accesses were directed to operators' domains and 90% to the public internet. The share of public internet domains increased clearly from the level of 2005 and 2006 panels, during which it was around 67%. This suggests that the content consumed by mobile devices is moving away from the operators' portals toward the internet, and that mobile operators' own content is becoming less important as the diffusion of mobile browsing usage continues.
Discussion
The usage of mobile data services was analysed in this paper using the research framework developed by Smura et al. (2009) . The results indicate that the four technical components enabling the usage of mobile data services are spreading in Finland.
Mobile operators in Finland are constantly improving the coverage and capacity of 3G networks to accommodate the increasing traffic demands. Instead of mobile handsets, most of the traffic is generated by laptop users with flat-rate mobile broadband subscriptions. Due to the increasing supply and demand, the data traffic volumes in mobile networks are growing exponentially. Within the mobile handset population, advanced features are also gradually diffusing, and in 2008, almost 80% of the Finnish mobile subscribers had a handset supporting at least simple data services. Nevertheless, the diffusion of handsets supporting higher data rates (3G or HSDPA) and standard HTML browsers will still take several years. Application and content-wise, mobile data service usage is gradually approaching general internet usage, the Web browser being the central application for accessing data services and public internet websites already dominating over operators' portals. For mobile handsets, a major difference to the general internet traffic is the negligible share of peer-to-peer content sharing in mobile handset traffic, whereas the laptop-generated traffic is more evenly distributed between different applications and notable peer-to-peer traffic also exists (see also Heikkinen et al., 2009) .
The four technical components of mobile services form an inter-related cluster of technologies, where market actors' efforts to disseminate a specific technology component have also indirect effects on the spread of other components. For instance, the regulatory decision in Finland to allow the bundling of 3G handsets and mobile subscriptions has not only accelerated the diffusion of 3G handsets but also the expansion of 3G networks, diffusion of data cards and modems, as well as consumption of internet content by mobile devices. On the other hand, the assimilation gap between the technical capability to use and the actual use of mobile services is also clearly visible.
Despite the relatively high penetration of data-capable handsets, a significant number of people having such handsets are not using mobile data services. This holds especially not only for simpler GPRS-capable handsets but also for 3G handsets. Although the renewal of the handset population did accelerate due to the regulatory actions, the number of data users did not increase comparably. This finding is also in line with the findings of Sugai (2007) , who discovered that handset upgrades do not have a major impact on mobile usage behaviour, and that pre-existing usage habits are in a far more important role for post-upgrade usage behaviour than the incremental technical capabilities of a new handset.
In conclusion, the usage and diffusion of mobile data services in the Finnish market were examined holistically from multiple viewpoints. The selected framework was useful in designing the research, as it facilitated the identification of the relevant viewpoints, the selection of the appropriate data collection methods and the determination of the scope and limitations of the various research data. A holistic approach is particularly relevant when tracking and analysing trends in emerging and uncertain markets. The research was based on a multi-year cooperation between the researchers and the major companies in the Finnish mobile industry. This cooperation enabled the collection of detailed factual data on mobile data service usage. The collection of such data from other markets would require significant efforts, and is in many cases nearly impossible. Nevertheless, such data would be invaluable both for academics and industry.
In order to enable comparative studies of mobile data service usage between two or more markets, the statistics collected and disseminated by operators, statistics offices, and industry collaboration organisations should be augmented and harmonised. Currently, the publicly available mobile statistics include only overall subscriber numbers as well as voice call and SMS volumes, but very little on data service usage. Country-specific PC-centric Web browsing statistics are available from various sources, but these typically neglect the mobile use of internet. To reach a global view on the convergence of mobile and internet, harmonised data about selected key metrics should be made publicly available. These metrics could include the following:
• byte volume of data traffic in mobile networks
• number of active mobile data users, in total and per key application (e.g., web browsing, e-mail)
• number of active mobile data subscriptions, itemised by major device classes (e.g., mobile handsets, laptop computers) and by subscription type (e.g., flat-rate or usage-based pricing, data rates)
• penetration of key handset features (e.g., GPRS, 3G, WLAN)
• most popular websites accessed with mobile handsets, by unique visitors, sessions and page impressions.
Before such harmonised cross-market data are more widely available, comparative analysis of a few selected markets from which similar data can be reasonably collected is seen as a possible extension to this work.
